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EDITORIAL

Can We Bridge the Gap? Mathematics and the Life Sciences:
Part 2 – Discrete Models, Statistics, Co-Curricular
Opportunities
Raina Robeva

, Timothy D. Comar

and Carrie Diaz Eaton

ABSTRACT

KEYWORDS

This editorial serves as an introduction to Part 2 of the Special
Issue Mathematics and the Life Sciences – a collection of articles
showcasing ideas, examples, pedagogical frameworks, and curricular materials aiming to bridge the stubbornly persistent gap at
the undergraduate level between the mathematical and the life
sciences. The special issue features authors from public and private institutions of diverse types, sizes, and geographic locations:
community colleges, liberal arts colleges, and research-oriented
universities. We hope this special issue will serve as a resource to
faculty who seek to make changes to their own course(s) or initiate curriculum reforms at their own schools. This Part 2 special
issue features course materials and programs based on discrete
mathematics, computational approaches, and statistics. It also
includes articles on internship programs and co-curricular opportunities. Part 1 focuses on educational initiatives that are appropriate for calculus classes or require calculus as a prerequisite.

Mathematical biology;
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mathematical biology
education; interdisciplinary
education; curriculum
reform; discrete
mathematics; statistics;
co-curricular opportunities

This is the second Special Issues on Mathematics and the Life Sciences. It features
initiatives and materials that could be used for discrete mathematics and statistics courses, as well as internship programs and co-curricular opportunities. The
complementary special issue Mathematics and the Life Sciences Part 1: CalculusBased Modules, Programs, Curricula [5] compiles resources appropriate for calculus
courses and courses that require calculus as a prerequisite. The collection of articles in these special issues showcase ideas, examples, pedagogical frameworks, and
curricular materials aiming to bridge the stubbornly persistent gap at the undergraduate level between the mathematical and the life sciences. Despite urgent calls
for education reform made by high-profile reports at the national level (see, e.g.,
National Research Council reports [2,3]), the pace of change has been slower than
desired. Our editorial on the first special issue [5] provides more details and offers
some possible explanations.
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1. MATHEMATICS AND THE LIFE SCIENCES: PART 2 – DISCRETE MODELS,
STATISTICS, CO-CURRICULAR OPPORTUNITIES
Many problems in biology require mathematical, statistical, and computational
methods beyond calculus and difference/differential equations. Although still less
common in the classroom, such approaches provide numerous opportunities for
student engagements with problems from gene regulatory networks and genomics,
RNA folding, infectious disease and drug resistance modeling, phylogenetics, ecological networks and food webs, and many others. Several of the National Research
Council reports already mentioned (e.g., [2, 3]) have called for broadening the
undergraduate exposure at the interface of mathematics and biology by including
methods from modern discrete mathematics and their biological applications.
In his paper, Biological Models for Finite Mathematics, Jungck presents a rich
collection of modules inspired by biological research that benefits from the use
of methods from discrete mathematics. All of them use freely-available software,
include a visualization interface, and can be used as virtual laboratories for experimentation and for forming hypotheses. Individual modules may be inserted into
existing courses, although the author also provides a syllabus for an entire course
in discrete mathematics influenced by Ralston [4]. The collection presented in the
paper engages students with important biological questions by using highly visual
and aesthetically pleasing aspects of contemporary mathematical topics.
In Implementation of a New Quantitative Biology Course: Assessment of Students’
Abilities and Confidence, Rahmoeller and Steinweg describe a curricular decision
to replace a calculus course for biology majors with a new course in quantitative
biology covering a broad range of mathematical and statistical tools and focusing
on applications relevant to biological content and experiments. The course is meant
to (1) reinforce the connections between biology and mathematics and (2) utilize
genuine mathematical and statistical content in real-world applications. Mathematical topics include rates of change, discrete, and continuous-time modeling and
data visualization, and the statistical content covers t-test, chi-square, analysis of
variance (ANOVA), and regression hypothesis testing. The authors also present
assessment results that demonstrate the benefits of this change.
In their article, Integration of Biology, Mathematics and Computing in the Classroom through the Creation and Repeated Use of Transdisciplinary Modules, Ayalew
et al. grapple with quantitative and computational integration across multiple
courses at an HBCU context at Spelman College. In this project-based approach, a
highlight is an attention on language and culture and its ability to foster or obstruct
learning. Another strength is the multidisciplinary authorship team. Readers who
are interested in collaborating across multiple disciplines will find useful insights
as well as ready-made project ideas as well as practical implementation suggestions
for courses that incorporate programming.
In Phylogenetic Analysis and Molecular Evolution (PAME), Yoshida and Page
describe an interdisciplinary course in phylogenetics using RStudio through Amazon Web Services. The course is designed to serve advanced undergraduate and
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graduate students in biology and computer science as well as undergraduate students in statistics and mathematics. In addition to describing the course structure,
the authors provide a brief introduction to evolutionary biology and phylogenetics.
Exercises are provided throughout the article, which include examples of real-world
phylogenetic problems. Examples of final course projects are also provided.
Undergraduate research and internships, as well as learning communities, have
been shown to improve student learning and increase retention for underrepresented groups in STEM, and in the biological sciences in particular [1, 6, 7]. The
special issue includes four articles that feature such programs.
To help students discover the value of learning by engaging with authentic interdisciplinary problems and applications, in Creating and Assessing an Academic
Learning Community between Biology and Statistics Courses, Ryu and Zhu present
a learning community (LC) between an ecology course and a biostatistics course.
The authors discuss the structure of the LC, developmental details, and assessment
data from comparing LC and non-LC groups at their institution. They present initial evidence for its effectiveness, reflect upon key institutional factors that helped
create the LC, and discuss ways for future improvement. The paper includes some
of the project descriptions as well.
In Impacts of a Cross-Institutional Undergraduate Research Experience Workshop
on Student Understanding of and Self-Efficacy for Research, Antonuo, Liesman, and
Powell begin with the observation that student perceptions of what undergraduate
research experiences entail do not always align with their actual experiences. This
may cause frustration and disengagement and negate the benefits of such programs.
The authors analyze the impact of an undergraduate research workshop on students’
understanding of academic research as well as the impact on their self-efficacy for
conducting research. The data comes from two Cross-Institutional Research Experience workshops offered in 2018 and 2019 by the Intercollegiate Biomathematics
Alliance.
Educational approaches in computational mathematical biology require the integration and application of multiple fields and, therefore, can benefit from applied
research experiences. The article Supporting computational apprenticeship through
educational and software infrastructure: A case study in a mathematical oncology
research lab by Madamanchi et al. discusses how his laboratory approached creating a successful undergraduate student research experience by adopting a cognitive
apprenticeship model termed “Computational Apprenticeship.” They adapt this
model for the MathCancer laboratory by using engineering design principles and
share the revision process with the reader. The article closes with some thoughts and
reflections about scaffolding computational education for mathematical biology.
Finally, in Active Participation in Current Faculty Research Inspires Student
Achievement, Masso, whose research focuses on computational approaches for
studying the sequence, structure, and function of proteins, shares thoughts about
the annual Aspiring Students Summer Internship Program (ASSIP) for high school
and college students at George Mason University. The program has been offered regularly since 2007 and students participate as interns in ongoing research with faculty
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across all STEM disciplines. The author shares how student interns are recruited and
prepared to engage with a research project and presents three intensive interacting
modules that help interns get up to speed during the first week of the program.
Suggestions for replication of the program at other institutions are also provided.
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